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(54) Generation and/or reduction of new lung tissue in an affected lung, by modulation of the 
Wnt-pathway 



(57) The present invention provides a means to in- 
fluence the formation and/or reduction of new lung cells, 
by influencing a Wnt-pathway in an alveolar type II cell 
and/or alveolar type II tumor cell from said lung. There- 
fore, the invention provides a composition comprising a 
nucleic acid capable of binding at least a functional part 
of a nucleic acid encoding a protein which is involved in 
a Wnt-pathway in said cell, said binding influencing said 
Wnt-pathway. 

A composition of the invention may also comprise 



a protein capable of binding at least a functional part of 
a protein which is involved in a Wnt-pathway in said cell, 
or at least a functional part of a nucleic acid encoding a 
protein which is involved in a Wnt-pathway in said cell, 
said binding influencing said Wnt-pathway. 

A composition of the invention is suitable for the 
preparation of a medicament against emphysema, Res- 
piratory Distress Syndrome and/or lung cancer. 
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Description 

[0001] The invention relates to the field of medicine, more particularly to the treatment of lung diseases. 

[0002] Worldwide, much investigation has been done on lung cells and diseases which affect lung cells, for instance 
5 emphysema and lung cancer. Until now, however, there is no efficient treatment of emphysema and lung cancer. In 

case of emphysema, patients suffer from shortness of breath, in first instance only on exertion, later on also at rest. 

This symptom may be accompanied by coughing, often with mucus expectorated. In later stages of the disease, heart 

failure occurs due to low oxygen levels in the blood circulation, often presenting as swollen ankles and liver enlargement. 

Pulmonary symptoms can be reduced by bronchodilator therapy and by use of courses of oral steroids. End-stage 
10 disease is treated with supplementation of oxygen by nasal canula. There is no treatment for the underlying cause of 

the disease. Consequently, most attention is being paid to decrease or even stop the process of dying of lung cells. 

Although some result has been obtained by the use of inhaled steroids, the lung damage continues which causes a 

progressive decrease in function (Pauwels et aL, 1999; Burge, 2000). The problem is that even if said lung diseases 

can be counteracted, the lungs are already damaged by the disease. A solution to this problem would be the generation 
15 of new lung tissue. However, presently it is not possible to generate new lung tissue in a patient suffering from a lung 

disease. 

[0003] In case of lung cancer, there are means of counteracting growth of the tumor. However, presently there is no 
medication which decreases the number of tumor cells in every patient. Decreasing the number of tumor cells is highly 
favorable, because that would actually cure the disease. Until now, there is no general effective treatment for all kinds 
20 of lung cancer. 

[0004] The present invention provides a new approach to counteract diseases which affect lung cells. In one em- 
bodiment the invention provides a means to counteract diseases which decrease the number of lung cells. The present 
invention does not only decrease the number of dying or abnormal cells. The invention discloses the uncommon and 
surprising approach to influence the number of viable lung cells in an affected lung. If said number is increased, the 
25 lung is able to recover from damage caused by a disease which was not efficiently, if at all, possible before the present 
invention. 

[0005] The invention provides a way to influence the number of lung cells by influencing a Wnt-mediated signaling 
pathway (referred to in this disclosure as Wnt-pathway) in said cells. The Wnt gene family encodes developmentally 
important secreted factors, involved in cell growth, differentiation and organogenesis (Wodartz & Nusse, 1998). Wnt 

30 signaling events are initiated by receptor activation involving binding to the cysteine-rich domain (CRD) of frizzled 
7-transmembrane receptor protein (Fz) (Bhanot et al., 1 996). A classical Wnt signal suppresses the activity of glycogen 
synthase kinase 3 (GSK-3), leading to changes in phosphorylation and increased stability of the (J-catenin protein in 
the cytoplasm (Hinck et al., 1 994). [J-catenin is essential for activating target genes in response to Wnt signaling (Miller 
& Moon, 1996; Willert & Nusse, 1998), since it complexes with HMG box transcription factors of the TCF/LEF family 

35 (Behrens etal., 1996; Molenaar et al., 1996; Huberetal., 1996). It has been shown that the presence of proteins that 
are able to bind Wnt proteins through the CRD likely antagonize their actions. Amongst these are the so-called secreted 
Frizzled-related (sFRPs) proteins (Leyns et al., 1997; Wang et al., 1997). 

[0006] Components of the Wnt signaling pathway have been found to be present during organogenesis in the mouse 
(Roelink & Nusse, 1991; Buhler et al., 1993; Parr et al., 1993; Christianses et al., 1995; Wang & Shackleford, 1996; 

40 Cho & Dressier, 1998; Korinek et al., 1998; Leimester et al., 1998; Oosterwegel et al., 1993). Moreover, loss of function 
of Wnt and Wnt-related genes leads to abnormal development in the mouse (McMahon & Bradley, 1990; Monkley et 
al., 1993; Takada et al., 1994; Stark et al., 1994; Galceran et al., 1999; Liu et al., 1999; Yamaguchi et al., 1999; Brisken 
et al., 2000; Lee et al., 2000). Several Wnts and components of the Wnt pathway are expressed in the murine lung in 
the course of its development (Gavin et al., 1990; Levay-young et al., 1996; Katoh et al., 1996; Lako et aL, 1998; Zakin 

45 et al., 1998; Imai & D'Armiento, 1999). This shows that Wnt signaling is important for normal lung morphogenesis. 
[0007] In one aspect the present invention provides a composition capable of influencing the proliferation and/or 
differentiation behavior of an alveolar type II cell and/or an alveolar type II tumor cell from a lung, comprising a nucleic 
acid capable of binding at least a functional part of a nucleic acid encoding a protein which is involved in a Wnt-pathway 
in said cell, said binding influencing said Wnt-pathway. 

50 [0008] Alveolar type II cells arise at a specific stage of lung development as has been reported for the mouse (Ten 
Have-Opbroek, 1975; 1979; 1981 ; 1991) and other species including humans (Otto-Verberne and Ten Have-Opbroek, 
1987; Otto-Verberne et al., 1988; Ten Have-Opbroek and Plopper, 1992). In the mouse embryo, the lung primordium 
appears at about 9.5 days after conception (a.c.) (Ten Have-Opbroek, 1981; 1991). It develops into the prospective 
trachea and two lung buds. The latter give rise to the primordial system of the right and left lungs, which is composed 

55 of primordial tubules lined by undifferentiated pseudostratified columnar epithelium. From 14.2 days a.c. onward, the 
primordial system differentiates into the prospective bronchial system and the prospective alveolar system (unit: pul- 
monary acinus). 

[0009] The pulmonary acinus consists of tubules called acinar tubules (Ten Have-Opbroek, 1 979). While the epithe- 
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Hum of the bronchial tubules is columnar, the epithelial lining of the acinar tubules is low-columnar or cuboid and 
composed of prospective alveolar type II cells (Ten Have-Opbroek, 1979; Ten Have-Opbroek et al., 1988). This is the 
so-called pseudoglandular period of lung development, which lasts until day 16.6 a.c. In later stages of lung develop- 
ment (i.e canalicular, terminal sac and alveolar periods), a further development of the bronchial and alveolar systems 
takes place, and the acinar tubules start to transform into derivative structures with a duct-, sac- or pouch-like shape. 
The epithelial lining of these structures now also contains flatter cells, which are prospective alveolar type I cells (Ten 
Have-Opbroek et al., 1990). Alveolar type II cells play an important role in the formation of the pulmonary acinus, 
because they are the only dividing alveolar epithelial cells and the stem cells for the alveolar type I cells. Alveolar type 
II cells are (one of the) predominant stem cells in the development of the two major subsets of non-small cell lung 
cancer, namely adenocarcinomas and squamous cell carcinomas (Ten Have-Opbroek et al., 1990; 1993; 1994- 1996* 
1997; 2000). 

[0010] Proliferation of an alveolar type II cell is defined as dividing of said cell, forming more cells. 
[0011] Differentiation of an alveolar type II cell is defined as changing of said cell into a mature alveolar type II cell, 
or into another kind of cell, said other kind of cell having for instance a different shape and/or function. One example 
is the change of an alveolar type II cell into an alveolar type I cell. 

[0012] A composition of the invention may comprise a nucleic acid capable of binding at least a functional part of a 
nucleic acid encoding a protein which is involved in a Wnt-pathway in said cell. Said binding influences expression of 
said protein. This way, said binding influences said Wnt-pathway. 

[0013] Alternatively, a composition of the invention may comprise a protein which is capable of binding at least a 
functional part of a protein which is involved in a Wnt-pathway. Binding of a protein of the invention to said protein 
which is involved in a Wnt-pathway, changes the properties of said protein which is involved in a Wnt-pathway. This 
way, said Wnt-pathway is influenced. 

[0014] A composition of the invention may also comprise a protein which is capable of binding at least a functional 
part of a nucleic acid encoding a protein which is involved in a Wnt-pathway in said cell. Binding of a protein of the 
invention to said functional part of a nucleic acid influences expression of said protein which is involved in a Wnt- 
pathway in said cell. Said binding, for instance, inhibits expression of said protein. This influences the Wnt-pathway. 
Thus, another embodiment of the invention provides a composition capable of influencing the proliferation and/or dif- 
ferentiation behavior of an alveolar type II cell and/or an alveolar type II tumor cell from a lung, comprising a protein 
capable of binding at least a functional part of a protein which is involved in a Wnt-pathway in said cell, or at least a 
functional part of a nucleic acid encoding a protein which is involved in a Wnt-pathway in said cell, said binding influ- 
encing said Wnt-pathway. 

[0015] A functional part of a nucleic acid is defined as a part which is essential for expression of said protein. Said 
functional part may for instance encode a functional part, derivative, and/or analogue of said protein. 
[001 6] A functional part of a protein is defined as a part which has the same kind of properties as said protein in kind, 
not necessarily in amount. 

[0017] A functional derivative of a protein is defined as a protein which has been altered such that the properties of 
said derivative are essentially the same in kind, not necessarily in amount. A derivative can be provided in many ways, 
for instance through conservative amino acid substitution. 

[0018] A person skilled in the art is well able to generate analogous compounds of a protein. This can for instance 
be done through screening of a peptide library. Such an analogue has essentially the same properties of said protein 
in kind, not necessarily in amount. 

[0019] A composition of the invention may be used to generate more lung cells. This is for instance desirable if lung 
tissue has been damaged by a disease like emphysema. For more lung cells to be generated, a Wnt pathway may be 
upregulated. Thus in one aspect the invention provides a composition according to the invention, wherein said Wnt- 
pathway is upregulated. 

[0020] In other cases, however, it may be desirable to stop proliferation and/or differentiation of lung cells. This is 
for instance true if an individual suffers from lung cancer. It has been found that several components of Wnt signaling 
are implicated in the genesis of human cancer (Morin et al., 1997, Rubinfeld et al., 1997) including lung cancer (Winn 
et al., 2000). Therefore, in another aspect, the present invention discloses a means of decreasing the amount of lung 
tumor cells by downregulating a Wnt-pathway in said tumor cells. 

[0021] A composition of the invention is capable of influencing the proliferation and/or differentiation behavior of an 
alveolar type II cell and/or alveolar type II tumor cell. Said cells may be located inside a body of a human or animal. 
However, other locations (in vitro) are possible. So in one aspect the invention provides a composition according to 
the invention, wherein said cell is located inside a body of a human or animal. 

[0022] A protein which is involved in a Wnt-pathway in a lung cell is for instance a secreted Frizzled-related protein. 
Said protein counteracts a Wnt-pathway, by binding to certain Wnt-proteins and antagonizing their actions. So, in 
another aspect the invention provides a composition according to the invention, which is at least in part capable of 
inhibiting expression of at least one secreted Frizzled-related protein. If said secreted Frizzled-related protein is less 
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expressed, less secreted Frizzled-related protein will be present to counteract a Wnt-pathway. 
[0023] Expression of a secreted Frizzled-related protein may be inhibited by a nucleic acid which is capable of binding 
to at least a functional part of DNA and/or RNA encoding said secreted Frizzled-related protein. Said nucleic acid may 
be an antisense strand. If said DNA and/or RNA encoding secreted Frizzled-related protein is bound by an antisense 
5 strand, expression of secreted Frizzled-related protein is, at least in part, inhibited. Thus in one aspect the invention 
provides a compound according to the invention, which at least comprises one antisense strand of at least a functional 
part of DNA and/or RNA encoding secreted Frizzled-related protein. 

[0024] Alternatively, a Wnt-pathway may be influenced by influencing a Wnt-pathway inhibiting property of a secreted 
Frizzled-related protein. Expression of secreted Frizzled-related protein may remain the same in this case. In this case, 

10 the same amount of secreted Frizzled-related protein is present, but the Wnt-pathway inhibiting property of said protein 
has changed. Thus, in one aspect, the invention provides a compound according to the invention, which is capable of 
at least in part counteracting a Wnt-pathway inhibiting property of at least one secreted Frizzled-related protein. 
[0025] A Wnt-pathway inhibiting property of a secreted Frizzled-related protein can be changed by binding of a com- 
pound to said secreted Frizzled-related protein. Binding of a compound to said protein can for instance alter the con- 

15 formation of said protein. A person skilled in the art can think of many other ways how binding of a compound to a 
protein can change it's properties. Thus, another aspect of the invention discloses a compound according to the in- 
vention, which is capable of binding to at least one secreted Frizzled-related protein. Said binding compound may be 
an antibody. So in yet another aspect the invention provides a compound according to the invention, which comprises 
an antibody comprising a binding specificity against a secreted Frizzled-related protein, or a functional part, derivative 

20 and/or analogue of said antibody. A functional part, derivative and/or analogue is defined herein as disclosed above. 
[0026] We have demonstrated that expression of secreted Frizzled-related protein- 1 (sFRP-1), sFRP-2 and sFRP- 
4 in mouse embryos occurred during lung development (example 1). This suggests that at least these sFRP's are 
important for the proliferation and/or differentiation process of lung cells. Thus in one aspect the invention discloses a 
compound according to the invention, wherein said Frizzled-related protein is sFRP-1, sFRP-2, and/or sFRP-4. 

25 [0027] We have demonstrated that transcription factors of the TCF/LEF family are also involved in lung development 
in a mouse (example 1). Therefore, to influence proliferation and/or differentiation of a lung cell, one embodiment of 
the invention provides a compound according to the invention, which is capable of activating expression of at least 
one transcription factor of the TCF/LEF family. Said compound may for instance be an enhancer of transcription of a 
gene encoding said member of the TCF/LEF family. Alternatively, said compound may be a nucleic acid encoding said 

30 member of the TCF/LEF family. If said nucleic acid is administered to a cell, expression of said member of the TCF/ 
LEF family is increased. So one embodiment of the invention discloses a compound according to the invention, which 
at least comprises one nucleic acid encoding a transcription factor of the TCF/LEF family or a functional part, derivative 
and/or analogue thereof. 

[0028] We have shown that at least transcription factors TCF-1, TCF-3, TCF-4 and/or Lef-1 are involved in lung 
35 development (table 1 ). Thus, one embodiment of the invention provides a compound according to the invention, wherein 
said transcription factor of the TCF/LEF family is TCF-1, TCF-3, TCF-4 and/or LEF-1. 

[0029] Forming of new alveolar tissue in patients can be stimulated by (re)activation of formation of alveolar buds. 
This is an embryologic mechanism that is still active in the adult situation but at a much lower level (i.e. local concen- 
trations of alveolar type II cells in connection with alveolar epithelial cell renewal). Formation of alveolar buds is based 
<o on active proliferation of alveolar type II cells. Formed alveolar buds proliferate into surrounding, eventually new in- 
duced, tissue. As a compound of the invention is capable of influencing said proliferation of alveolar type II cells, one 
embodiment of the invention provides a compound according to the invention, which is capable of inducing the formation 
of an alveolar bud. 

[0030] Another important function of alveolar type II cells is synthesis and secretion of surfactant. Said surfactant 
45 regulates the surface tension in the alveoli. So a compound of the invention is also useful for individuals suffering from 
surfactant deficiency. Said individuals may suffer from Respiratory Distress Syndrome. Therefore, one embodiment of 
the invention provides a compound according to the invention, which is capable of inducing synthesis and/or secretion 
of surfactant by a lung cell. 

[0031] Another embodiment of the present invention provides an isolated cell, comprising a compound according to 
50 the invention. Said compound may comprise a nucleic acid capable of binding at least a functional part of a nucleic 
acid encoding a protein which is involved in a Wnt-pathway in said cell. To provide a cell with said nucleic acid, said 
nucleic acid may be inserted into a vector. Thus, one embodiment of the invention provides a vector comprising a 
nucleic acid capable of binding at least a functional part of a nucleic acid encoding a protein which is involved in a Wnt- 
pathway in a cell, said binding influencing said Wnt-pathway. 
55 [0032] A vector of the invention may also comprise a nucleic acid encoding a protein capable of binding at least a 
functional part of a protein which is involved in a Wnt-pathway in a cell, or at least a functional part of a nucleic acid 
encoding a protein which is involved in a Wnt-pathway in a cell, said binding influencing said Wnt-pathway. 
[0033] A compound of the invention is particularly suited for the preparation of a medicament, especially for lung 
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diseases. So in one aspect the invention provides a use of a compound according to the invention for the preparation 
of a medicament. Lung diseases which can be, at least in part, counteracted by a compound of the invention comprise 
emphysema, Respiratory Distress Syndrome, and lung cancer. 

[0034] So in one aspect, the invention provides a use of a compound according to the invention for the preparation 
5 of a medicament for emphysema. 

[0035] In another aspect, the invention provides a use of a compound according to the invention for the preparation 
of a medicament for Respiratory Distress Syndrome. 

[0036] In yet another aspect, the invention provides a use of a compound according to the invention for the preparation 
of a medicament for lung cancer. 
10 [0037] As a compound of the invention is capable of inducing the formation of an alveolar bud, yet another embod- 
iment of the invention provides a method for inducing the formation of an alveolar bud, comprising administering a 
compound according to the invention to an alveolar type I) cell. 

[0038] Yet another embodiment provides a method for inducing synthesis and/or secretion of surfactant by a cell, 
comprising administering a compound according to the invention to said cell. Said cell may be an alveolar type II cell. 

15 [0039] As a compound of the invention is, at least in part, capable of counteracting lung diseases like emphysema, 
Respiratory Distress Syndrome, and lung cancer, the invention provides in one aspect a method for, at least in part, 
treatment of emphysema, comprising administering a compound according to the invention to an individual. 
[0040] In another aspect, the invention provides a method for, at least in part, treatment of Respiratory Distress 
Syndrome, comprising administering a compound according to the invention to an individual. 

20 [0041] In yet another aspect, the invention provides a method for, at least in part, treatment of lung cancer, comprising 
administering a compound according to the invention to an individual. 

[0042] In lung cancer, expression of components of the Wnt-pathway may be up- or down-regulated in the epithelial, 
mesenchymal or other cells causing enhanced proliferation of said cells. If a component of the Wnt-pathway is down- 
regulated (e.g. Wnt7a, Calvo et aL, 2000), up-regulation of said component provides a means to slow down proliferation 

25 of said cells. This can be achieved by replacement of said component, e.g. by administration of cells manipulated to 
express said Wnt component (e.g. Wnt 7a). However, components of a Wnt-pathway may also be up-regulated in lung 
cancer cells as is the case in e.g. colon cancer cells (Bienz & Clevers, 2000). Inhibition of the activity of said components 
can be used to reduce proliferation of the relevant cells. This may be achieved by antisense techniques as described 
before, e.g. by local administration in the airways of antisense oligos for beta-catenin, or another component of the 

30 Wnt-pathway that is up-regulated. 

[0043] Thus, for treatment of lung cancer, expression of a component of the Wnt-pathway may have to be either up- 
or down-regulated, depending on the particular component. 

[0044] The following, non-limiting, examples are meant to illustrate the invention. A person skilled in the art is capable 
to perform alternative experiments which are still in the scope of the present invention. 

35 

EXAMPLES 

Example 1. Expression of TCF/LEF transcription factors, $-catenin and secreted Frizzied-reiated proteins in alveolar 
epithelium and/or surrounding mesenchyme during murine lung development 

40 

Animals 

[0045] In this study, an inbred Swiss-type mouse strain with a gestation time of about 19 days after conception (a. 
c.) was used. The embryos were obtained from female mice aged about 3 months and weighing 30-40 g. They carried 
45 8 to 12 embryos, whose weight was used as a parameter of the developmental stage since it is a more sensitive 
indicator than the age in days a.c. A growth curve based on the relationship between weights and ages allowed us to 
determine what we call the "developmental age" of the mouse embryo (Goedbloed, 1976; Ten Have-Opbroek et aL, 
1988), which is indicated in the text for all embryos used. 

50 Processing of the tissue 

[0046] The pregnant mice were anesthetized with an intraperitoneal injection of 2% anexin (Rompun):10% ketamin 
(Nimatek) (1:1) and killed by cervical dislocation. The embryos were removed from the uterus and weighed to determine 
the developmental age. Then the lungs were removed from the mother and the embryos by thoracotomy, divided in 
55 two portions (the left lung consisting of one large lobe, and the right lung composed of four lobes) and fixed by immersion 
in 4% paraformaldehyde overnight (o/n) at room temperature (rt) with rocking. 
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Whole mount in situ hybridisation (ISH) probes 

[0047] Both antisense and sense digoxigenin-labeled RNA probes were generated from LEF-1 , TCF-1 , TCF-3 and 
TCF-4 cDNAs, and from sFRP-1, sFRP-2, sFRP-3 and sFRP-4 cDNAs. 

5 

Whole mount ISH 

[0048J After washing for 5 min in PBT (PBS containing 0.1 % Tween-20), the specimens were dehydrated through a 
graded methanol series (25%, 50% and 75% in PBT for 5 min each, and 100% 2x for 5 min) and stored in methanol 
10 100% at -20°C until use. 

[0049] Whole mount ISH was performed essentially as described (Wilkinson and Nieto 1993. Wilkinson, 1995; Nieto 
et at., 1996) with minor modifications. Afterwards, the whole mount ISH samples were sectioned and mounted on slides 
to study the cellular localization of the mRNA signal. 

15 Immunohistochemistry 

[0050] Immunohistochemical staining was performed using the avidin-biotin complex (ABC) method with peroxidase 
labeling and 3-3'diaminobenzidine (DAB) as the chromogen (VECTOR; Burlingame, CA, USA). Briefly, the procedure 
involves the following steps: 1) hydration of the paraffin sections through xylene and a graded ethanol series (100-70%, 

20 each step lasting 30 min) and quenching of the endogenous peroxidase activity with 100% methanol containing 0.4% 
hydrogen peroxide (H 2 0 2 ) for 20 min at rt; 2) 3 times rinsing in Tris Maleate buffer (TMB, pH 7.6) for 1 min at rt and 
incubation with 10% normal horse serum for 1 h at rt; 3) incubation with the primary antibody (anti p-catenin, anti LEF- 
1/TCFs and anti sFRPs; all diluted in PBS, pH 7.6) overnight at 4°C and rinsing in TMB; 4) incubation with a 1:400 
dilution of biotinylated swine anti-rabbit IgG (DAKO, Denmark) or biotinylated horse anti-mouse IgG for 60 min at rt 

25 and rinsing in TMB; 5) incubation with ABC for 30 min at rt and rinsing in TMB; and 6) incubation with TMB containing 
0.04% DAB and 0.006% H 2 0 2 for 10 min at rt. Finally, the sections were washed in TMB for 1 min and in tap water for 
10 min, then counterstained with hematoxylin for 5 sec, rinsed in tap water for 10 min, dehydrated through a graded 
ethanol series (70-100%) and xylene and mounted with xylene-soluble mounting medium Depex (H.D. SUPPLIES, 
England). 

30 [0051] Immunohistochemical controls were performed on the serial mouse fetal lung sections using normal rabbit or 
mouse serum as the primary antibody, or omission of one of the incubation steps. 

Example 2. Activation of alveolar type II cells in a murine lung by influencing a Wnt-pathway 

35 [0052] To provide proof of evidence, a fetal lung organoid culture (obtained from a mouse) is used. Generation of 
new alveolar tissue in patients (see p. 9) can be stimulated by activation or re-activation of alveolar bud formation. 
Alveolar bud formation is a general growth principle in both the fetal and the adult mammalian lung. As a proof of 
evidence, it is therefore shown that manipulation of expression and/or function of selected molecules, involved in a 
Wnt-pathway, stimulates the process of alveolar bud formation. Activation of alveolar type II cells by influencing a Wnt- 

40 pathway is for instance demonstrated using anti-sense oligonucleotides. These oligonucleotides may be directed 
against sFRPs. One subject of investigation is the means of administration of compositions capable of influencing a 
Wnt-pathway. The effect of administration is investigated using a biological in vitro test-system, preferably the above- 
mentioned fetal murine organoid lung culture. Complementary testing can be performed in the adult mouse lung using 
for instance an organoid culture. 

45 [0053] The fetal murine lung culture is generated using the protocol of prof. Zimmermann, Freie Universitat, Berlin 
(Zimmermann, 1987; Zimmermann, 1989; Hundertmark et al., 1999). The presence of molecules involved in a Wnt- 
pathway in said fetal murine lung culture is tested using molecular-biological methods, as for instance in situ hybridi- 
sation and/or immunohistochemistry. Once said molecules involved in a Wnt-pathway are found, anti-sense oligonu- 
cleotides against said molecules are generated. Modified stable anti-sense oligonucleotides are produced using ex- 

50 isting protocols (Augustine et al. a 1995; Dagle et al., 2000; Heasman et al., 2000). After that, the in vitro effect of said 
generated oligonucleotides is tested in the fetal or adult murine lung culture. Said oligonucleotides are administered 
to the culture medium in different concentrations. The effective concentration of the administered oligonucleotides, 
capable of influencing formation of alveolar tissue, is determined experimentally using morphological and/or biochem- 
ical techniques. For instance, sections (5 mm) from treated alveolar tissues and untreated controls are investigated 

55 by immunohistochemistry and/or morphometry. Criteria are for instance the ratio between primordial lung cells and 
alveolar type II cells in the lung buds, and/or the increase of the number of alveolar type II cells, and/or proliferating 
alveolar type II cells, per cm basal membrane. Other criteria include the number of alveolar spaces, the size of the gas 
exchange surface, and the weight and/or volume of the lung (Otto-Verberne et al., 1991; Brandsma et al., 1994; Heem- 
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skerk-Gerritsen et al., 1996). Additional information on alveolar type II cell differentiation is obtained by electronmicro- 
scopic research and/or by biochemical investigation, like for instance surfactant protein A (SP-A) detection in the culture 
medium. 

[0054] Preferably, results concerning the formation of alveolar tissue are obtained using oligonucleotides, or combi- 
5 nations of oligonucleotides, which disturb the type II cell equilibrium. More preferably, said oligonucleotides inhibit 
differentiation in favour of proliferation. 

Results: 

10 Example 1 . Expression of TCF-1, TCF-3, TCF-4 and LEF-1 mRNA during murine lung development (Table 1). 

1) Whole mount ISH data: 

[0055] TCF-1 mRNA was clearly expressed around 11 days a.c, and it reached the maximum levels between 13 
*5 and 15 days a.c. Interestingly, TCF-1 mRNA expression remained slightly positive through 16, 17 and 18 days a.c, 
and also in the adult lung. mRNA coding for TCF-3 was found to be expressed as early as 10 days a.c. Its expression 
levels were high from 12 days a.c. till 16 days a.c, and began to decrease between 17 and 18 days a.c Regarding 
TCF-4 mRNA expression, similar to those of TCF-3, it was present already at 10 days a.c and achieved the highest 
levels around 12 days a.c. However, in contrast to the other transcription factors studied, at 13 days a.c the TCF-4 
20 mRNA expression declined and it was nearly negative at 14 days a.c Finally, mRNA coding for LEF-1 was found 
positive at 11 days a.c The signal was elevated during 12, 13, 14 and 15 days a.c At 16 days a.c, LEF-1 mRNA 
expression decreased and was negative at 17 d.a.c. 

2) Sections of the whole mount ISH samples: 

25 

[0056] The sectioning of the whole mount ISH samples showed the cellular localization of the mRNA expression for 
the TCFs/LEF-1 transcription factors. TCF-1 mRNA expression appeared to be located in the mesenchymal cells in 
close proximity to the alveolar epithelial cells, but also in the apical cytoplasmic areas of the epithelial cells lining the 
lung primordia and acinar tubules. For TCF-3, the mRNA expression was present mainly in the apical side of the 
30 alveolar epithelial cells, similar to the signal corresponding to TCF-4 mRNA. Finally, LEF-1 mRNA expression was 
located just in the mesenchyme around the epithelial lining of the lung primordia and acinar tubules. 

Protein expression of$-catenin, LEFVTCFs and sFRPs during murine lung development. 

35 [0057] At 1 3 days a.c, the protein expression corresponding to 0-catenin was found to be present in the cell junctions 
of the prospective bronchial epithelium, while the alveolar epithelial cells lining the acinar tubules (prospective respi- 
ratory epithelium) showed p-catenin protein expression in the cytoplasm as well as in the nuclei. Later on during de- 
velopment (around 1 7 days a.c), the differentiating alveolar type I cells were negative for the expression of this protein, 
while some alveolar type It cells were still positive. 

40 [0058] LEF-1 /TCFs protein cytoplasmic expression was present in the epithelial cells (prospective bronchial and 
respiratory epithelium and/or in the mesenchyme) at 13 days a.c At 17 days a.c, some TCF expression was still 
present in the alveolar type II cells. 

[0059] For sFRP-protein, a slight expression was located mainly in the cytoplasm of the epithelial cells lining both 
the prospective bronchial and respiratory epithelium, but also in the mesenchyme, at 13 days a.c The alveolar type it 
<s cells together with the differentiating alveolar type I cells were found to be negative for sFRPs protein expression at 
17 days a.c 

Expression ofsFRP-1, sFRP-2, sFRP-3 and sFRP-4 mRNA during murine lung development (Table 2). 

50 Whole mount ISH data: 

[0060] Both sFRP-1 and sFRP-2 were found to be expressed early in the embryonic lung, while sFRP-3 was not 
present at any developmental age. SFRP-1 and sFRP-2 mRNA expression was present at 10 days a.c, persisted 
through 11 and 12 days a.c, and declined around 13 days a.c As deduced from the whole mount expression pattern, 
55 it was located in the connective tissue around the epithelial cells of the lung buds and primordia. ForsFRP-4, the mRNA 
was found during the same period of embryonic development, but the expression pattern indicated an epithelial local- 
ization, notably in the apical side of the cytoplasm. 
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55 Claims 

1. A composition capable of influencing the proliferation and/or differentiation behavior of an alveolar type II cell and/ 
or an alveolar type II tumor cell from a lung, comprising a nucleic acid capable of binding at least a functional part 
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of a nucleic acid encoding a protein which is involved in a Wnt-pathway in said cell, said binding influencing said 
Wnt-pathway. 

2. A composition capable of influencing the proliferation and/or differentiation behavior of an alveolar type II cell and/ 
or an alveolar type II tumor cell from a lung, comprising a protein capable of binding at least a functional part of a 
protein which is involved in a Wnt-pathway in said cell, or at least a functional part of a nucleic acid encoding a 
protein which is involved in a Wnt-pathway in said cell, said binding influencing said Wnt-pathway. 

3. A composition according to claim 1 or 2, wherein said Wnt-pathway is upregulated. 

4. A composition according to anyone of claims 1-3, wherein said cell is located inside a body of a human or animal. 

5. A composition according to anyone of claims 1-4, which is at least in part capable of inhibiting expression of at 
least one secreted Frizzled-related protein. 

6. A compound according to claim 5, which at least comprises one antisense strand of at least a functional part of 
DNA and/or RNA encoding secreted Frizzled-related protein. 

7. A compound according to anyone of claims 1-6, which is capable of at least in part counteracting a Wnt-pathway 
inhibiting property of at least one secreted Frizzled-related protein. 

8. A compound according to anyone of claims 1-7, which is capable of binding to at least one secreted Frizzled- 
related protein. 

9. A compound according to anyone of claims 1-8, which comprises an antibody comprising a binding specificity 
against a secreted Frizzled-related protein, or a functional part, derivative and/or analogue of said antibody. 

10. A compound according to anyone of claims 5-9, wherein said Frizzled-related protein is sFRP-1, sFRP-2, and/or 
sFRP-4. 

11. A compound according to anyone of claims 1-10, which is capable of activating expression of at least one tran- 
scription factor of the TCF/LEF family. 

12. A compound according to anyone of claims 1-11, which at least comprises one nucleic acid encoding a transcription 
factor of the TCF/LEF family or a functional part, derivative and/or analogue thereof. 

13. A compound according to claim 11 or 12, wherein said transcription factor of the TCF/LEF family is TCF-1, TCF- 
3, TCF-4 and/or LEF-1. 

♦ 

14. A compound according to anyone of claims 1-13, which is capable of inducing the formation of an alveolar bud. 

15. A compound according to anyone of claims 1-14, which is capable of inducing synthesis and/or secretion of sur- 
factant by a lung cell. 

16. An isolated cell, comprising a compound according to anyone of claims 1-15. 

17. A vector comprising a nucleic acid capable of binding at least a functional part of a nucleic acid encoding a protein 
which is involved in a Wnt-pathway in a cell, said binding influencing said Wnt-pathway. 

18. A vector comprising a nucleic acid encoding a protein capable of binding at least a functional part of a protein 
which is involved in a Wnt-pathway in a cell, or at least a functional part of a nucleic acid encoding a protein which 
is involved in a Wnt-pathway in a cell, said binding influencing said Wnt-pathway. 

19. Use of a compound according to anyone of claims 1-15 for the preparation of a medicament. 

20. Use of a compound according to anyone of claims 1-15 for the preparation of a medicament for emphysema. 

21 . Use of a compound according to anyone of claims 1 - 1 5 for the preparation of a medicament for Respiratory Distress 
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Syndrome. 

22. Use of a compound according to anyone of claims 1-15 for the preparation of a medicament for lung cancer. 

23. A method for inducing the formation of an alveolar bud, comprising administering a compound according to anyone 
of claims 1-15 to an alveolar type II cell. 

24. A method for inducing synthesis and/or secretion of surfactant by a cell, comprising administering a compound 
according to anyone of claims 1-15 to said cell. 

25. A method according to claim 24, wherein said cell is an alveolar type II cell. 

26. A method for, at least in part, treatment of emphysema, comprising administering a compound according to anyone 
of claims 1-15 to an individual. 

27. A method for, at least in part, treatment of Respiratory Distress Syndrome, comprising administering a compound 
according to anyone of claims 1-15 to an individual. 

28. A method for, at least in part, treatment of lung cancer, comprising administering a compound according to anyone 
of claims 1-15 to an individual. 
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